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Abstract: The control allocation problem is studied for a class of linear parameter-varying (LPV) over-actuated systems
with uncertain time-varying parameters in this paper. In view of the uncertain parameter perturbations and actuators physical
constraints, a control allocation optimization model with time-varying uncertainties is established based on the 1-norms of
allocation error of pseudo-control command and the control input error. According to the principle of robust optimization,
the robust control allocation algorithm based on constrained second-order cone programming model is developed by using
vector transforms technology to deal with time-varying uncertainties. The online optimal allocation of pseudo-control
command is thus realized for LPV over-actuated systems. Finally, the comparative simulations are executed for the steering
over-actuated control system with time varying 2-DOF of a four-wheel electric-vehicle. The simulative results indicated
that the proposed robust control allocation algorithm can effectively reduce the influence of parametric uncertainties on the
system, compared with the conventional 4WS and pseudo-inverse control allocation methods. The more reasonable control
allocation solution is obtained, and the vehicle handling stability is improved.
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x(k+1) = Alp(k)|x(k) + Blp(k)|u(k) (1)
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Fig. 1 Structure of over-actuated system based on robust

control allocation
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4 sS4/ B (Simulative case study)
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Table 1 Parameters of vehicle model

24 E  H HuE
m/(Kg) 1296  b/(m) 1.36
L/Kg-m?) 1750  a/(m) 128
Kjo/(Nfrad) — —43750 i 20
K,o/(N/rad)  —43750
is MR RS

42 RGNZRSBEATELRIR K EHILR
H] ¥ %€ (Description of time variant parameter
uncertainty and the setting of vehicle condition)
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v, (k) = vgo(k) + Av,(k),
MINp, < Avg(k) < MAXn,

(k) = po(k) + Au(k),
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S 0 (k) g () 2855 016 1 52 25 SR B T
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B p(t) %0 R BN ARFR IR I A S AN E PR Bh

13)

SRR T Z N L3, 1 rh 2 hRAR
N7 PN E SR AL 28

AL HIZR, RN

0 2 4 t(s) 6 8 10
K2 T B ARG (1)

Fig. 2 Steering wheel angle input d5(t)
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Fig. 3 Curves of vehicle time-varying parameters p(¢)
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4.3 FF¥fii E(Simulation of open-loop mode)
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Fig. 5 Angles of the front and rear wheels for different control

allocation algorithms
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Fig. 6 Comparison of pseudo control commands and expected

pseudo control commands
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Table 2 Errors comparison of control allocation results
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Fig. 7 Structure of closed-loop control system based on

control allocation

4.4 PP E (Simulation of closed-loop system)
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Fig. 8 Output response of closed-loop system

5 %5 (Conclusion)
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Fig. B.1 Uncertain linear fractional system
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